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(57) Abstract: A process for producing a fluoropolymer reduced in the content of branches and in weight change at high temper- 
atures- It is a novel process substantially free from compositional distribution. It is a batch copolymerization process conducted 
under such conditions that the reduced temperature and reduced pressure obtained from the critical constants calculated with the 
Peng-Robinson equation from the critical temperature, critical pressure, and proportion of each monomer present in the vapor phase 
inside the reaction vessel are 0.95 or higher and 0.80 or higher, respectively. In the process, the proportions by weight of the addi- 
tional monomers, i.e., ingredients A u A 2 , ... A n , are calculated using the equation (a t - a\ x B):(a 2 - a' 2 x B) - (a„ - a' n x B) [wherein n 
is the number of kinds of monomer units in the target polymer; a lt a 2 , ... a n (%) are the percentages by weight of the respective kinds 
of monomer units in the target polymer composition; a\, a' 2 , ... a' n (%) are the percentages by weight of the respective monomer 
ingredients in the initial monomer composition; and B is the ratio of the specific gravity of vapor-phase monomers during polymer- 
ization to that of the target polymer]. Additional monomers comprising the additional monomers in those proportions by weight are 
added to produce a fluoropolymer. 
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^«*« 2 . 0 £TF<£>^ U V— &$a Kl«jfr7?#* H 5*vcn*a«, 

12 

(^«-£r 1 ) 

k*7 7x/-MF 2. 17Mgg|5 

^>yJH^U7x-;^X*-'7A7D7^1>* 0. 4 3fi»g& 

mmm&ifr? > -7 a 3 a»g& 

fX7i7-MF 2. 1 7a»g& 

^>vJUhU 7xn;|/7fcX7f:n^A^P^-r H 0. 7 7fi*g& 

mm&mt-? ^ a 3 a»SB 
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mmmm&ft 1 ) 

ZfUXtiam : 1 7 0"CT1 0^ 
MaU ^U^EE*2~3MPa-fc3ILfcNf^T#?Il4J'ra«JBE (*U 0 . 
0 IMP a) ] 

^--^>M : 2 3 0 C CT2 4l$|g| 
(TOW^#2) 

: n-)vnr> 

^l/XM : 1 8 OtTl 5flfs1 
[&U 7VXEE2f 2-3MP aCIl^Ptra 1 #EI«JBE (^0. 
0 IMP a) ] 

■t-^ymm : 2 3 otT2 4B$n 

/fM^^fta* 3 . 0OTT*-?>^i:*W*b^ o cfc9£?£L<te, 2 
. 8^T, 1. 2JK±T*S. S»¥^^»/'^:¥^^*^3. 0£ 

GPCT&iJ^bfcMTO^* (Mw) te, 20, 000 — 60 
0, 0O0T*§ui:*W*tK 0 0 0 £ 9/Jn$ 

«Ete*««T-rs«lSl^»0, 6 0 0, OOO^u^t, 

*IRgBjOiT^7y5{I^UT-«, TIB (4) ~ (7) Zmtz? 
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(4) <£7y*5pJ-7— ©Iftjfcte, MfEtf-U^>^;l/^-^-r K : 
yj^aya^U>^)lifV9 : 1~5 : $?£l/<te8. 5 
: 1. 5~6 : 4t^0> *V3^ h 77MDIfl/>^0 ~4 0 

( 5 ) ^ffl-r ^ y v m# u 1 4 ^tt$ d . 

fi. 2. 8J£TF, 1. 2£UiTi&*. fi*TO#^*/3CT£J#^ 3 

(Mw) #/Jn£<, 

Z\t, 

nnmzaym&^&ta^tte* •#v?-*<D3tym^mtfi 0 p pm 
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(7) ±SS (3) <hl^^©^@B^ck^^M^TMUfc^#(D 

z<d£ou<£7 ^i^u^-n ^*^»^>i— -y^o, Jnau 
«©*><bj&vb testis. ^-(oga^atbTfe, Htrtsga^aiiiwui 
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"F-NMR : B r u k e r*tS3AC 3 OOPS 

B*m^ (W) UFxiooi 

<Peng-Robinso n^MW> 

Aspen Plus Ver. 11. 1 (Aspen Techftg! 

7 bizftmom&temvit. 



T 

A c 


: Vd F 


2 9 


. 6 5^ 




TFE 


3 3 


. 3 "C, 




HF P 


8 5 


. o x: 


p 

1 c 


: Vd F 


4. 


46 MPa/SQCM, 




TFE 


3. 


94 MPa/SQCM, 




HF P 


3. 


2 1 MP a/SQCM 


CO 


: Vd F 


0. 


136, 




TFE 


0. 


2 2 6, 




HF P 


0. 


3 8 2 



<fi»¥£95H^* (Mw) &&ZSIk¥i%5m (Mn) > 
mm : HLC-8 0 0 0 ($V- (80 13) 
*7A:TSK gel GMH U — H 2* 
TSK gel G3000H U 1* 
TSK gel G2000H U 1* 

mM: 35t 
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tmmm o. 211% 

:#iMR#U^^>#i ( (Mw/Mn) =1. 14 (Ma 
x) ) . TSK standard POLYSTYRENE (IV- ( 
#) S) 

ASTM-D 1 6 4 6 $5<$:Z£J IS K6 3 0 0C«LT»§. 
D— ^— tUls^ : 2 r pm 

mitum : 1 2 1 r 

TiE^sa^ i &T&&mtiam&ft 1 t, £fc> tib^m^#j 2 & 

TfB^2pMt^#2 7?, 1 l/XJDl* £tf2 ^-^>J!JPBStbT 0 - 
U>^ (P-2 4) ^Mt, J I S-K6 3 0 HzmCT. l^l/X 

Mm&<D&ti*&mfr&&&2X*—7>iam&<Dj£m*&mfr (c s) 

S^UtT* (2 5%3JDJ£JEBrRC2 0 0*CT7 2 BfF^^bfcO)^ 2 5T: 

(mmm& 1 ) 

^^i^'J 1 ?- 10 0ffi»SP 

t*X7x;-MF 2. 17M;g& 

^>z?)VY vyx.-)i*x7fi-ryAs?u7^ \* 0. 4 3S»SB 

SSfS&KflS V ^ * A 3 SftgB 

iJ-^>^77^MT-C 2 0fi*g& 

^l/XM : 17 0tT10^FI 
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[<SU yi/XEE^2~3MP SiizmVtcl%&X'miftfflmi£(®lO. 0 1 
MP a) ] 

*—7>tiam : 2 3 0tT2 41^ 

^7yi^U7- iooa»gp 

t'X7i/-MF 2. 17fi»g& 

^>^h'j7i^M7^A^P7^ H 0. 7 7 MSB 

jSHSttBlflSV ~> O A 3 

*-#>777^MT-C 2 0M*g& 

(^2PM^#2) 

•JU^mm. : 18 0ttl5^FI 

[fib, ^ux&jj 2 ~ 3 mp a \zmvrcm&T*m i ?>p^m(m o. oi 

MP a) ] 

*--7>D\\m : 2 3 ox;t2 4mm 

<1 0 0 % : &ya7X (M 1 0 0) > 

MfB^£p@a^#l 1 , 2 ^^n^nHufB^2PJP5Jii^# 1 . 2Tl^yixX 
M43cttX2^-y>WbTJ?^ 2mm0y-h<!:U J IS-K6 
2 5 lfCipCT^-rSo 

<ttmm&m (tw *^^i?g^sff#^ (Eb) > 
Mnzmmm&ty} 1 . 2 ^n^nttjia^M^ 1 , 2-ei^^ixx 

«*J:^2^-7>WHS$2mmOy-htL, J IS-K6 
2 5 l(c2pCT^-r^>o 
<®S (Hs) > 
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tiaffi&&tf2$:3—*7>tt\m.lsTm2 2mm(D->-h<hL, J IS-K6 

2 5 3t^DTffi'J^T§o 

<flfflM*tt> 

mflE 1 J SRi+a^h^ I ^cktXVS 

£ffll^T 1 7 oric^j-SMffi^ SiS**^ (ML) , Mm ( 

mh) , mmmm (t, 0 ) ^ctz>**3iM^ (t 90 ) £^*6£ 0 

M*7 2 0 g, 1 0«fi%<D/\°-;7;l^D:^*>it7> ; E~^ 
A7K^2 9 0 g, ^i^YO^yl^l/O. 6 g 

TVdF 2 OgtHFP 5 1 g 2rtt&^ «#TK 8 OtST#Il/fc. 

MtKo. egiMLfciiiy^^Al (aps) o. o 

2 g^7i^tt)EAL/Tl^^iitetfe. fi-&ffi^£2MP a £ U 
S-&B#WJE^<ST^^-5fc56('Vd F/HFPi^y V- (7 8/2 2 

£>miz, M7K8 0 9g, 1 Oii%5)/1-7Mot^^>^7> ; e^ 
A*»K2 0 0g, Hl^$^^7»liLfc©^ii)EI:lfc. 
*f^*3|gm»JjEU Mffi^T-TV^>^>0. 5mL», 80t 
T©i^ffl^Vd F/TFE/HFP= 2 9. 0/13. 0/58. 0 
*z)V%. «|*JBE&1. 4MPal;JiSJ:5# ; &/T-$tt^fc*, #fUi& 
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M7k2 o gizmMistcj&ffim-ry^E-v&m. caps) o. 6 7g 

fi^l$<£EE#{gT£*$5fc£>, VdF/TFE/HFP|g^y7- (5 

0/20/30 (=e)v%) ) zmmmzmzv. m&T\zn&&ft^rc a 

SBO, ^U7-if©tH 1. Ox 1 0 15 fH/7R lgO?L^$r#fc 0 

3 6 o^tc«i^^itJ6. ^/T-^^fflbTa-ers^itb^o 

7X1 2 5 8g, ^WlTfiljfiLfc^-H^U^-^OTKtt^*^ (» 
^16. 3*»%) 2 6. 6 5 g, *J:^7n>i|yXfJH. 9 1 g £ 

ill, »E«!B"eV dF76gtHFP323g 4ttji*. m&T\Z 8 
0ttT*#?aifc. OUT, tfi*2 0gtSI»UfcAPS0. 195g$ 
f^i^XCTIEALTi^SilJ&l. (a) ~ (c) O^frtl^ 

fi^lB&ffi©^*BI»*/V-VdF/HFP&j£H: (^E;P) «3 6/6 
4, HTP#}i3 8/6 2T^ofe. 

(a) S-^1fl*Iiia^VdF/HFP=3 6/6 4 (^%) (C^fT^Pe 
ng-Robinso niUdJ; £>S;JMg& • B^E^ff-^S: A s p e n 
Plus Ver. 11. 1 &m^Tft -DtzhZ\*>* T c =8 7. 7*0, 
P c =3. 0 5MPa^ofc. $ S fc&JH&SE (T R ) 0. 9 5, J£3|l 
EEtl (P R ) 0. 8 0 KJ:*£ifcfcfTfc3£, T=6 9. 7*0, P = 2. 
44MPa^^ *^WJ©m^^^«, «H¥ffl«tt±*^lfeJ![JBE*« l 
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CVdF/HFP (9 5/5tM) t/7-|g^$IiWi:»l. 

(c) mwmm&s i o r pm-eijtiit. 

WlMw«17. 6 75\ t¥^fiMn«8. 7 75", Mw/Mnli 
2. OT&ofco 19 F-NMRTigiJ^bfcfi^ttOffiJ&teVd F/ 

HFP=7 7. A/22. 6 X'$>^fc 0 

mmm2 

tK 9 6 8 g , 1 Ttt«Lfc'>— H^'J V-&?-<B*te#1fti£ (ttft 

16. 311%) 17. 4g. M^TD>lyX^H4. Og^tt^ 

MMTVdF 117giHFP 5 0 8 g £tfc&<?K I^TC8 0 
t:*-r#tab^c -D^X\ tt*17gl:jgj»bftAPS0. 3g^>;i 
^XCTJEAUTl^^TOb, £AT (a) *5£tf (b) O^ffTl^S 

«^^M©Mti^yv-VdF/HFPa^it (^) (J3 6/6 
4, if&TH#te3 7/6 3Tfeo^o 

(a) y 6 ^Jl// 'J y VMzmmtZtz 
46(3 Vd F/HFP (9 5/5^1/%) ^/T-I^^IiWlcMt, 

(b) J£#i£^£5 7 0 r pmtijtlfe. 
*#£ftfc£-:7y*#'J-7--tt4 1 lgt^D, GPCT$J5£L/tS»¥ 

^iMwtilO. 775\ t?WiMn(i4. 3 75\ Mw/Mnll 
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2. 5T&ofc. 19 F -NMR-VMfeVfcM&fc<Dm.f&\tV d F/ 

HFP=7 6. 9/2 3. 1 T&ofco 

§H»J3 

7n>l!!yIfM8g, APSSO. 2 5 g £ L,&£ ££WiHSS#J 

fi^^Siicomffi^yv-vdF/HFP^it (^e;w «3 6/6 

4, **7l5tt3 6/6 4T*o&. 

#^tl^77^'J?-«4 2 9 g-^feO, GPCT&'J^Lfcafi 3 ? 
WIMwUH. 6 7?, ft^^fiMntte. 8 75", Mw/Mntt 
2. lTfcofc. $fc 19 F-NMR-e«jebfcm^#©ttriM4Vd F/ 
HFP=7 6. 8/2 3. 2 0E;U%) T&ofco 
afe»J4 

7D>ivX5 1 M2 0g, APS^O. 3 5 g t bfcCtfil^Jfi 

fi'&^MOMffigB^/V-VdF/HFPm^Jt: (^E;U) (i3 6/6 
4, ij&7Bfte3 6/6 4TSofc, 

WiMwtt7. 2 75\ »TWIMntt3. 3 7J , Mw/Mntt2 
. 2TSofc. 19 F - NMRt jWSlfel^#©afi!SttV d F/H 

FP=7 6. 1/2 3. 9 (tJl^%) 

ttmmi 

fflffl^JT — ffc&^rVd F 1 2 5 g, HFP4 5 0 g<hU 7D>|y 
X3Ml/£4. Og, APSSO. 1 5 gcbU ilfilW^J&TSt / V- 
©MMVdF/HFP (7 8/2 2^1/%) <h Lfc E £&M>tenteM 

-VdF/HFPMIt (^EJU) «4 2/5 8, *£7B#te 3 2 / 6 8 ~C$> 
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^Wc^7y^'J?-tt3 2 0 gT&tK )WfE(D73&T$l5£L£:a 
i¥W!Mwtt2 2^ ^¥^^*Mnfi9. 6 Mw/Mnli 
2. 3T&ofc. 19 F-NMRTffi'J^Lfcm'&^^«Vd F/ 

HFP=7 7. 1/2 2. 3 T&ofco 
#I»J 5-7 *5«t^it^J 2-3 

11^1-3, H:WJlT#e>nrc^7^m^U-7-> ^G7 9 0 

(<HTO£ 1 ) 

*7*;*#U7- 10 OMSK 

k'X7x;-MF 2. 17fi*g& 

^>y^ h U 7x^7*-'7A^ □ 7-f F 0. 4 3fi*gP 

(SWimfliEfctt i ) 

: 1 7 OICTl O^PbI 

[fib, yi/xffi^2-3MP &izmvfzm&-cffiiftmte!£mo. o 

1 MP a) ] 

^>JHWJS : 2 3 0t:T?2 4H#M 

4 t# <=> ntt^y v m# n-sfflu, 5-7 tie« bfe 

«2ME-& £ it (fil/T^>'^ h'J7 x-JW*;**:^ A;7 D7-fF^0. 
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m ntztmy ym^&z, mmmmmz u rcmmm vrz.m^ &m 1 



m i 















5 


6 


7 


8 


2 


3 


^u^-A---^ (12ir) 




— 


2.2 


13.5 


— 


49 


— 


m^#»A---Jtes (100*0 




48.9 


5.4 


22.5 


1.4 


67 


48 


MW/MN 




— 


2.5 


2.1 


2.2 


2.1 


— 


1 0 OX^zS^-^X 


MPa 


5.0 


3.6 


4.2 


3.2 


4.2 


5 




MPa 


13.7 


11.1 


13.6 


9.4 


13.4 


14.2 




% 


242 


250 


252 


257 


260 


227 


(i/a7- a) tr-^fi 




76 


76 


74 


75 ! 


73 


73 


EE*S*^^ (200*CX72hr) 


% 


10.6 


19.3 


14.3 


26.1 


10.6 


17.4 


^5Xh (170*0 
















JtffittS (ML) 


Kgf 


0.11 


0.01 


0.04 




0.08 


0.11 


mmm (mh) 


Kgf 


3.18 


0.80 


2.08 




3.09 


3.43 


ff#B#P B 1 (T10) 




4.20 


8.20 


4.70 




3.50 


3.00 


ft«l«P B 1 (T90) 




5.70 


16.40 


5.90 




4.70 


3.80 


ir^^x h (nor) 
















mmnm. (md 


Kgf 


1.2 


0.1 


0.4 


0.0 


1.11 




JPB?L^ (MH) 


Kgf 


18.1 


11.3 


15.5 


9.0 


17.49 




ftzgftlH! (T10) 




4.90 


5.50 


5.00 


5.30 


4.25 




««SStB#PpT (T90) 




6.30 


6.50 


6.00 


6.60 


5.56 




A-Z-XH-f (T5) (HSt:) 




20.5 


29.1 


21.8 


32.7 


13.8 


13.4 



mmm 9~io 
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T — (^<^>II («c) G7 1 6 (10 0%) , A--M6 5) 

mznmm 5 - 7 

JtS£flJ4 

^7y*#'J7- (^^>It ^ G7 16 (10 0%) , A 

rfA^Htfco jDnxeb&Jte, 
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m 2 





¥€5: 




H«J9 


nmm 10 












mmrn 2 <z>^ u 




— 


20 


50 


G7 1 6 




100 1 


80 


50 


m^#jA---^^ doot:) 




104.0 


79.3 


50.0 


10 0 


MPa 


4.7 


4.3 


4.1 




MPa 


13.9 


13.2 


12.1 




% 


251.7 


248.3 


245.0 


®S (v/3 7- A) tf-^fit 




72.9 


71.9 


73.2 


ffi^S^S (200^X72^) 


% 


15.7 


16.2 


17.0 


+a7XhEI (170t:) 










««#fi^ (ML) 


Kgf 


0.21 


0.12 


0.05 


MS (MH) 


Kgf 


4.30 


3.60 


2.20 


mmmm mo) 


ft 


2.65 


3.10 


3.85 


siiWBtr^ (T90) 


ft 


3.65 


4.10 


5.10 


-^□-?(T5) (145*C) 


ft 


9.5 


11.7 


16.7 



mmm 1 1 

7K9 7 0 g, m^MirMmLrzi/-\t#i)^-^<D7mftmm mm. 

2 8. 5S«%) 27g, ^ c fctX^D>®?^X^;i/4 g£{±&#-. 
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it'VdF 17gtTFE21gtHFP 5 3 6 g^ttM, m&TlZ 8 
Ot^t#Slfc. OViT, iSJfi7j<l 5 glzmMVtcAP S 0. 2g^7 
m^X^TEEAbT«^«rW^b, (a) ~ (c) ©^Tl^^t 
l*U 3l^|Bl^tC«j**ClD»!©^*©APS*i6iDbfc. 4H#lffl&K:«# 

fi^lB&ffi©ftfl&^/T--VdF/TFE/HFP = 6. 0/4. 6 
/8 9. 4, &T»$«, 6. 6/4. 3/8 9. 

(a) I^irt«VdF/TFE/HFP = 6. 0/4. 6/89. 4 
(^E;i/%) fc*t?-£P eng-Robins on^i:J:<&B9|lill • ffilf 

EE^H-^SrAs p e n Plus Ver. 11. l£fflV*TfTo£££ 
3> T c =8 8t:, P c = 3. OMPat^L $ &KtfcJML9eT R = 0 
. 9 5. ^m^7P R =0. 8 OtCfcS^tft^ffJfe^^:, T=7 0t:, P 

= 2. 4MPat&o, *nmm<Dm&tkm** &&mm$k±&'Dii&H£ 

(b) fcffia#©t/^-©£tt«&5*;w/y y h;ua»flrr*fca 

(CVdF/TFE/HFP (6 7. 5/2 4/8. StM) t;7-| 
£*S»ttWte#*&U ^fflaC»<OJE^S:3. 5MPa (tt#BE*) C«i 

(c) Jt#5IS£5 7 0 r pmtiJflfc. 

ll&nfc^7y*jR'J7-tt3 6 7 gt^O, GPCT«£L/i«fi¥ 
WlMw(il2^ ftWfiMnttG. 6 7j, Mw/Mnttl. 
9T?*ofc. £fc "F-NMRT«b/:i^©«(iVdF/TF 
E/HFP = 5 0. 9/2 0. 7/2 8. 4 (^E;U%) T&ofco 

mmm 1 2 
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. 5fi»%) 27g, *3ci:^\ 7D>i>?I^l/8 gft&^K ^F^I^^m 

VdF^17gi:TFE21 giHFP 5 3 6 g £H±&^, JS^T(C8 0 
"CS-CMLfc. OUT, MtKI 5 gKig^LfcAP S 0. 2 5g£^ffi 
#XlCTEEALT«'££IPa#}U OT (a) ~ (c) ©*frT?m^*«H« 
U S-&IBJ6«3«plWI^*«fcaf6I^IBI»lC, *08i©¥*©APS&iii]nU 

I^M^ilO^tS^y V- V d F/T F E/H F P = 6 . 4/5. 2 
/88. 4, i^TB#«5. 1/4. 1/90. 8t^ofc, 

(a) l^ttl^ffl^Vd F/TFE/HFP = 6. 4/5. 2/88. 4 
(^EJUSS) IZMT&P eng-Robinso n^fc:«kSB5#i&g • Sa^- 

BEMf^Aspen Plus Ver. 11. 1 &m^Tft -z>fct H 
^5, T c =8 8t:. P c = 3. OMPaT^^fc. 2 Zlzmm&JgT R = 0 
. 9 5, &WJ£JjP R =0. 8 OlZ&Z&m&ftfeot. T=70t, P 
= 2. 4MPa£&0, &J|Li&££*_hj&>OfJ|J*jBE 

(b) m.i®ffift(D : £y?-(D&iYm%.&S : E)V/>) v YMzmWt%-teto 
CVdF/TFE/HFP (6 7. 5/2 4/8. 5^E;P%) =E;~?—U 
^i^liWCML, %ftffift<DE.tl&3. 5MPa («fi»JE^) 

(c) mW&fe&5 7 0 r prnX-mnVTzo 

mzntz&yym'tfw-tes 9 7 gt»o, GPCTijiufcii^ 

WiMwll7. 3 75\ |&^^*Mn«4. 2 7J, Mw/MnUl 
. 7^ofc, 19 F-NMRT$J^bfcfi^#:©m/&«Vd F/ 

TFE/HFP=5 0. 6/2 0. 1/2 9. 4 T&o^io 
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mmm 1 3 

?D>iyi«ng. aps^o. 4 5 g\zisfcz tsmizmm 

a^M^HU^mtg^/^-VdF/TFE/'HFP = 5. 6/4. 9 
/89. 6, ^7»t^6. 2/4. 4/89. 4T*$of;, 

(a) S-&1fl*lffl/&Vd F/TFE/HF P= 5. 6/4. 9/89. 6 
(*:;!/%) WSPeng-Rob i n s o n^tCiSffilfa* • ffiH- 

EMI^Aspen Plus Ver. 11. 1 t^Tfr E 
3, T c =8 8r, P c =3. 0MPaT$^fc c S SKift*i&&T R = 0 
.9 5, &Hffi#P R =0. 8 0 tC { J:£^£:ff&5£, T=70t, P 
= 2. 4MPa£&D, #2Sifi0!l<0S^fcfm, tft®fflffi£4±^"3«l#ffi 

(b) / 5 wj »; h;wc:*ifei#-r*fc«> 

ICV d F/T F E/H F P (6 7. 5/2 4/8. 5^^^) t;?-iB 

(c) m&m8Z&5 7 0 r pmTiHtfc. 

#^n^t7yi# l JV-fi3 6 1gt^0, GPCT$J5£L*:SM¥ 
WiMw(J6. 7 7a, £W3#^*Mnte4. 0 7?, Mw/Mntel 
. 7T*o&. 1 9 F - N M R TI^ L V d F/ 
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